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(54) Matched filter bank CDMA communication 

(57) A matched filter bank including a plurality of 
matched filters and a sampling and holding units com- 
monly used by the total matched fitters. Therefore, the 
circuit size is diminished. 

An inverting amplifier for the matched filter with a 
variable gain includes an input capacitance, an inverting 
amplifier connected to an output of the input capaci- 
tance, and a plurality of feedback capacitances con- 
nected between an input and output of the inverting 

Fig.1 



amplifier. A plurality of switches are connected to input 
side of the feedback capacitances for alternatively con- 
necting the feedback capcitanec to the input of the 
inverting amplifier or a reference voltage. The feedback 
capacitances connected to the reference voltage are 
invalid with respect to a composite capacitance of the 
feedback capacitance and have no influence to the 
amplifier. 
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Detailed Description of the Invention 

Background of the Invention 

Field of the Invention 



[0001 ] The present invention relates to a matched filter tMnk. particularly to a matched filter bank used in a signal 
10 reception apparatus of a DS-CDMA cellular system. usea m a signai 



50 



Prior Art 



thfSLr. cTm^^^ ^ ^ '""'''P'^ (DS-CDMA) cellular system attracts attention as 

r^nK^f . communication increase, because the DS-CDMA system has large capacity In the DS- 

CDMA system, at a transmitter side, the transmission data is modulated and then spreaded by a PN-code and at a 
receiver side, the received signal is despread by the PN-code so that the transmission data is reproduced. A siiding cor- 
relator or a matched filter is used for the despread. The sBding correlator is small in circuit sizTbut n^s a long t^e 
forthe correlation calculation. While, the matched filter is fast In correlation calculation but is rather bigti drcuit size 
[0003] The conventional matched filter consists of a charge coupled device (CCD), a surface acoistic wave (SAW) 
device or a digital circuit. A matched fitter is proposed in Patent Publication Hei06-164320 by the inv^ S Te 

SlaT^'XT nH ? "'"''r °' °* ^'^^ «^ ^ fx^^' consumption. The 

J ^ , T ^ ^"^"1 ^ ""'"^ ^ P'"'«'"y '"P"* «"«'°9 signals as discrete data, a 

pkiralrty of multiplication circuits for multiplying the analog signals by multipliers that are shifted and circulated and an 
25 adder for summing the multiplied data up. « « e «iinea ana arcuiatea ana an 

[0004] Recently a plurality of signals, with transmission rates dWerent from one another, are necessary for mulli- 

^.rTn^^ ' (mufti-code system). For these systems, a pluraBty of matched filters with different number of 
ta^ are necessary. It makes the circuits size bigger and the power consumption increases 

? Rn lo^f^^*"*"^ *^ ""^^^ P""^^ by the present inventore uses an inverting amplifier as shown 
1»H T^T V"^^!^ '"'""'^^ ^ ^P"*'®' consisting of odd number of serial CMOS 

i7^Z^ J^L^r!^ AMP IS connected at its input with a plurality of input capacitances CM and CI2. A plurality of 

I connected to the output of the amplifier AMP through switches MUX1 to MUX6 which con- 

f?i^^r^f?^"^ °* °' *° = ^ol^g^ Vref. For. example, the capaci- 

tances Cfl. Cf2. Cf3. a4. Cf5 and Cf6 have capacitances proportional to 2°. 2\ 2^. 2^ 2" and 2^ rU)ectiSr2> 

SZ'sl^SSi't^S^ h'^' ''^'.'o'S ""1:°'""^ "^^^^ *° '^"^e- "^^ switches ar^rolli by 

t?2 «r?in™^!J* S^"!^ J'^Ao' ®^ ^ ^ '^"^ « Signal REF. The signals SI 

S tiTlL^^,*^ When REF is high level 

nUlTT 3 ^ ^ °* ^'9^ the feedback capacitances ^e con- 

2!S?MMvli l^""^ '"P"* capacitances Cll and CI2 are connected at their input to a input refresh 

S^^XRi^^nd'"^^*^ '^l!^^^^ "^"^^ '"P"* and output of Se amplified AMR The 

fir?K^^ and SWR are controlled by the refresh signal REF When refreshed, the input and output of the ampli- 
fier AMP IS short-circuited, and CI1 and CI2 are connected to the reference voltage ipui « me ampn 

ff^ il ^^Tf ^ peMbrmance of infinite gain, the input of the amplifier 

mute oJ'S'JJSSS.^'^ ^ *° ^"^""^^ '-eiflfrt^^ addition i^Z- 



_ - ^ » ' C/1 - m » C/2 + Fre/ * (C/1 -i- C/2 -t- C/) 



c/ <') 



I*'!?^!? J" * PracUcal ampfif ier, the input voltage is not Vref and the gain is finite When the gain is A the total effective 
sh^^tSSTteU' ^ '"^ '=«P«*=^"~ « the oSut Vbi feC^^ 
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^^^^ - P71 • C/1 - P72 > c/2 VrefjCn ^ CI2 -h CVf) 

CVf^- {CIl + C/2 + 0^7 + C//) 
A 

[0008] As will be understood from the formula (2), the error of the output is mainly influenced by a finite gain-band- 
10 width (GB) product. As the capacity of Cif increases, the enror becomes bigger 

Summary of the Invention 

[0009] The present invention has an object to provide a matched filter bank for a plurality of spreading ratios, not only 
IS of low power consumption but also of small circuit size. 

[0010] The present invention has another object to provide an Inverting anrpllfying circuit, for a matched filter, which 
is simple, of high accuracy and of quick response. 

[001 1 ] A matched filter bank according to the present invention has a sampling and holding circuit commonly used by 
a plurality of matched fitters. 

20 [001 2] An inverting amplifier circuits according to the present invention includes a plurality of feedback capacitances 
inputs of which are connected to an input of an amplifier or to a reference voltage for controlling a composite valid feed- 
back capcitanec. The invalid capacitances are disconnected from the input of the amplifier. 

Brief Description of Drawings 

25 

[0013] 

Fig. 1 is a block diagram showing a first embodiment of a matched filter bank according to the present invention: 

Fig.2 is a block diagram showing a second embodiment of a matched filter bank according to the present invention; 
30 Fig.3 is a block diagram showing sampling and holding register in the first embodiment; 

Fig. 4 is a block diagram showing a PN register in the first emt>odiment; 

Fig.5 is a block diagram of the PN register to which another multipliers are input; 

Fig.6 is a block diagram of showing a mask register and an input register; 

Fig. 7 is a block diagram showing a variation of a mask register; 
35 Fig.S is a block diagram showing a third embodiment of a matched filter; 

Fig.9 is a block diagram showing an inverting amplifier with a variable gain; 

Fig. 10 Is a block diagram showing a scaler circuit according to the present invention; 

Rg.1 1 is a graph showing an output characteristics of the circuit of Fig.9 conr^ring with a conventional circuit; 
Fig. 12 is a circuit diagram showing a conventional inverting amplifier with a variable gain; arxi 
40 Fig. 1 3 is an equivalent circuit of a practical amplifier. 

Preferred Embodiment 

[0014] Fig. 1 is a block cBagram showing a first embodiment of a matched filter bank according to the present inven- 
45 tion. In this matched filter banK input signal samples are not shifted by a PN code sequence is shifted as well as circu- 
lated. The matched filter bank is available for correlation of whatever length of cxjefficient such as PN code sequence 
for despreading. The matched filter bank may include whatever number of matched filters. In this embodiment, there 
are two types of PN code sequences having lengths of 4 chips and 256 chips, respectively, and there two types of 
matched filters corresponding to the respective PN code sequences. 
so [001 5] In Fig.1 , 11 is an analog signal input terminal that receives a base band signal generated from a received sig- 
nal through an antenna. 12 is a sampling and holding unit including a plurality of sampling and holding circuits SHI to 
SH256 which are commonly connected to the analog signal input terminal. The sampling and holding circuits receives 
the input signal in response to a control signal, shown by "1 " and **0'* above the unit 12. for sampling and hokJing when 
the signal is "1". The control signal is shifted rightwardly every sanrpling clock CL 
55 [0016] At first, the control signal for the first stage sampling and hokJing circuit SH1 is "1" so that the analog input 
signal from the terminal 1 1 is heb by SHI. At the next sampling timing, the control signal for the second sampling and 
hokling circuit SH2 becomes "1 **. and the other control signal are "0". Thus, the second sampling and hokjing circuits 
SH2 receives the input signal. The input signals is received by the sampling and holding circuits Sh3. SH4. ... one after 



EP0936 748A2 



OK. ^''^^ ^^P^ 3 «^ code sequence (PN1 to PN256). in this 

H?S?.'iT ^ ^ circulating shift register which shifts data with circulation in response to a shift 

«^ to tf^sanpling Clock CL. The data are Shifted e^^^ 14, to l^sg are multip " 

cation arcurts for mult.ply.ng outputs from the total stages of the PN code register 1 i and artpu^s from fte toteS- 
pling and holding circuits SHI to SH256. v*«H"i'» "o>" uie loiai sam 

[0018] Since the 256 chips data stored in the stages of the PN code register 13 are usually digital data the multfoli- 
IT"? K analog-digital multiplication arcuits each of which multiply the analog inpilt signal by a 

foSil ?^ i!fn analogHd^,tal multiplication drcurt has already proposed by the inventors of the p^ sent invLon 
i, I J ^' summing outputs from the multiplication circuits 14, to ^^2SB■ A correlation is output 

luen^ in^.^'pT^"^'"' °* °* ^"^^""9 ""^^ with 256 chps PN ^.e 

sequence ,n the PN code reg.ster 13. The analog-digital multiplication circuit proposed by the present im^ento^is 

advantageous with respect to a electric power consumption and a calculation accui^ 

i?!!f ? .H J"^ *® °' operation, the analog signals input to the input terminal 1 1 are successively sanpled 

jSino 2^ rS'?^^"" ^""^ *° ^"^""9 '"P"t to the sampling and 

Jmf If V V ^"^'"^ ^""^ ^""'"9 '^'^^""^ to SH256 are filled with the 256 signal sample. At this 

r<?^lfir^h! pi'!!^'^ o^. 1° '^"^ """"'P'y ^P"^ to S256) in the sampling and holding drcuits SHI 
lulalS *° ■ ^"^ summation of (PA/1xSl+PA/2xS2+. ..+P/V256xS256) is cal- 

IJJtlLr'^J °' ^l^" ""^""9 c'«=^ CL is input to the sampling and holding unit 12. the oldest data in 
the sampling and holding circuit SHI is substituted by a new sample S257. Synchronously to the sampling of the sam- 
ple S257. one Shift clod< CL1 Is input to the PN code register 13 so that the Ssl code regLer 13 ^7the^Sjes ZZ- 

Za^^L^Z^^ J^r ^^^'^L'!'^ ''''' ^^9e. PN1 is held in the second^age. PN2 is hi^JTe 
stage, and generally PNi (i<255) is held in the (i-Kl )th stage. The adder 1 5 outputs. 

(PA/256xS257+P/V1xS2+ +PA/255xS256). 

t!^.ZV'Tt ^^ ^'"^ ^^"'^hronously therewith, the PN code in the PN code register l3-is^ 

shrfted and circulated every inputs of the shift clock CL1. The correlation results of the input signal sampleslnd the PN 
code sequence are successively outputs from the adder 15. m » a » samples ana ine r-N 

I0a>2] 16 is a second PN code register including 256 stages, which calculates correlation by a periodic PN code 
.T'^P^^f^^. JfS'Sf. ^^'^ ^P"^'^ P^'*> ^O'^ the PN code reg^S 

t^Sl^^ PM^ f I J:^^!^:" ^^"^ ^9^= to the eighth stage. A second shift dock CL2 is input 

to ^e second PN register which shifts the PN code rghtwarelly as well as circulates the PN code. The second shift clS^ 
CL2 IS the same dock as the first shift clock CL1 . «iin ciock 

[0023] 1 7 1 to 17256 are analog<ligital multiplicaton drcuits that muftiply the PN codes in the PN code register 16 and 
the input signal samples stored in the sanple hold unit 1 2. 

S^Scrfll'^ * circul^on type mask register of 256 stages as shown in the Fig. 1. "r is stored in continuous four 

fJurisrfo':;,™? 

S^r^ ITI ' "^^ *° '■"^ *° ^ ^9«s «™« °*er stages are filed with -0". 

s^s ^ of the mask register 18 are input to corresponding multiplexers MUX 20, to 2O256 as control 

l^n^ It^" input terminal of constant "0' signal for inputting "0" to an analog adder 21 . The muftiplexers MUX 20, 
r^1ette"2;,22?.^?"?.? multiplication drcuits 17, to ir^^ or the t)" signal through tSe temtinal 19 i.; 
l^^J^o!!^ °^ "^^ '^'^^ "^^^ ""^^l «'9"«' "■' "• multiplexer (20, to 2025.) 

reirbi:rsrr:;£pTc^-rstre^ 

^ ^/r^'^^t^*- 1? ^""^ continuous four stages of the mask register 1 8. and the muWpiexers (20, 
^^J^JT^^^^l ^.T^ output the outputs of the corresponding multiplication drcuits (17, to 17256) to 
^ ■ 1L^JTr^^?a corresponding to the stages storing "0" output signals C(ireix,ndin?i« 

llSi.^^r^^T'lIL^*^^- '^'^ summatton of the outputs of ^^ve four 

multiplication arcuits corresponding to the four chips. 
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[0029] When the sampling clock CL is input four times from the beginning, the received signal samples (Si to S4) are 
stored in the sampling and holding circuits SHI to SH4 of the sampling and holding unit 12. These samples are multi- 
plied by the PN codes PN'1 to PN'4 that are stored in the first to fourth stages of the PN code register 16. in the multi- 
plication circuits 17i to 174. The mask register 18 stores "1" in the first to fourth stages and "0" in other stages. The 
£ multiplexers 20^ to 2O4 select the corresponding outputs of the multiplication circuits 1 7^ to 1 7^, and the other multiplex- 
ers 2O5 to 2O256 select the constant input "0" through the terminal 19. The adder outputs the total summation 

(SI • P/V'1+S2 • PA/'2+S3 • PA/'3+S4 • PN'A) 

10 of the outputs of the multiplication circuits 1 7i to 1 74. 

[0030] By the next sampling clock CL, a fifth received signal sample (S5) is stored. Simultaneously the clock CL2 is 
input once, the PN codes in the registers 16 and 18 are shifted rightwardly by one stage. Then, the outputs of the mul- 
tiplication circuits 1 72 to 1 75 are selected by the mutilplexers 2O2 to 2O5, the other multiplexes 20^ and 205 to 2O256 out- 
put "0". The multiplication circuit 172 outputs the multiplication result of the second sample (S2) and the code (PN'1) in 

IS the second stage of the PN code register 16, the multiplication circuit 173 outputs the multiplication result of the third 
sample (S3) and the code (PN'2). the multiplication circuit 174 outputs the multiplication result of the sample (S4) and 
the code (PN'3). and the multiplication circuit 175 outputs the multiplication result of the sample (S5) and the code 
(PN'4). The total summation of these multiplication results is output from the adder 21 . Thereafter, synchronously to the 
clocks CL and CL2, the con-elation outputs between the received signal samples and the 4 chips PN codes PNM*1 to 

20 PN'4 are output from the adder 21 similarly to the above. After the 256^^ sampling dock CL and the sampling and hold- 
ing circuit SH256 stores the 256^ signal sample, a 257*^ signal sample (S257) is stored in the first sampling and hokiing 
circuit SHI in response to the 257^ sampling clock CL, and a correlation is output from the adder 21 . 
[0031 ] By means of the sampling and holding unit 1 2. the PN code register 1 6, the multiplication circuits 1 7^ to 1 7256. 
multiplexers 20i to 2O256 ard the adder 21 . the correlation output of four chips can be obtained. 

25 [0032] As mentioned above. In the first embodiment, the sampling and holding unit 12 is commonly used by the 
matched filters of 256 chips and 4 chips. The circuit size is smaller than a matched filter bank having independent sam- 
pling and holding units corresponding to the total matched filters. The electrical power consumption is decreased. 
[0033] The samples of the Input analog signal are not shifted In the sampling and holding unit, but the digital PN codes 
are shifted with circulation, a transfer error of the samples is reduced. 

30 [0034] However, the first embodiment is applied to two chips spreading ratios of 256 chips and 4chips. three or more 
spreading for example, 256 chips. 128 chips, 64 chips. 32 chips. 16 chips, 8 Chips and 4 Chips etc. can be processed 
by one common sanpling and holding unit. There are seven matched filters connected to the common sampling and 
hokiing unit. The more the matched filters are connected to one common sampling and holding unit, the less the circuit 
size becomes relative to the number of matched filters. 

35 [0035] The stages of the PN code register is 256 in the alxjve embodiment, however, the number of stages can be 
changed according to the number of chips of the PN code sequence. 

[0036] A second embodiment of the matched filter bank is described with reference to Fig.2. The second embodiment 
Is different from the first embodiment only in that the sanrpling and holding unit 1 2 Is sutDStituted by a sampling shift reg- 
ister 32 which is commonly used for a plurality of PN code sequences. Two PN code sequences of 256 chips and 4 

40 chips are described similar to the first emtxxliment. 

[0037] In Fig.2, 31 is an analog signal input terminal, and 32 is a sampling shift register consisting of a plurality of 
stages SH1 to SH256. The sampling shift register 32 samples an analog signal input from the input terminal 31 and 
shifts the sampled data from leading stage to trailing stage. 33 is a first PN code register which stores 256 chips of a 
first PN code sequence (PN1 to PN256). in this embodiment. 34^ to 34256 are multiplication circuits for multiplying out- 

45 puts from the total stages of the shift register 32 by the PN code (PN1 to PN256) in the PN code register 33. Since the 
data sampled by and output from the stages of the sampling shift register 32 are analog data, and the PN codes (PN1 
to PN256) stored in the stages of the sampling shift register 32 are digital data, the multiplication circuits 34i to 34256 
are analog-digital multiplication circuits each of which multiply the analog input signal by a digital data. 
[0038] 35 is an analog adder for summing outputs from the multiplication circuits 34^ to 34355 up. A correlation is out- 

50 put from the adder 35. of the received signal samples of the number of 256 in the sampling shift register 32 with 256 
chips PN code sequence in the PN code register 33. 

[0039] The analog signals input to the input terminal 1 1 are successively sampled by the first stage sampling and 
hokiing circuit SHI and transferred toward the last stage In response to the sampling dock CL When 256 sampling 
clocks are input to the sampling shift register 32, the first sampled signal (SI) is stored in the 256^ last stage SH256. 
55 At this time, the 256^*^ input signal sample is multiplied in the multiplication circuit 34^ by the 256*^ PN code PN256 
stored in the first stage of the register 33. In the multiplication circuits SAg. 255^ input signal sample S255 is multiplied 
by the 255^^ PN code PN255. Similarly, the first sample S1 is multiplied by the first PN code PN1 . The adder 35 outputs 
the conrelation, as follows: 
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{PN-ixS^+PN2xS2+ +PA/256xS256) 

I'^L r °' ^'f f "^"^""^ Clock CL is input to the sampling shift register 32. the 257* sample S257 



(PN^xS2+PN2xS3+ + PA/256xS257). 

IlLTnnr °< ^"V'es of the input signal through the input terminal 31 and the PN code 

sequence are successively outputs from the adder 35. « « le ri>i coae 

iX!iimf^' PM^^"^ ^'^ '"'^'^'''^ ^^9^=' ^'""^^ '° ^'^^t ''^st PN code register 33 In this 

entoodiment PN code sequence of a period of 4 chips is stored in the second PN code register 36. The PN c^es PN'T 

In. .ft '""^ *° ''"^ ^^^es. in this order, and "0" is stored in the c«her stages indudSSefll.^ 

?R »^ th J ^? ^"^'"Q-^'S*^^' "w'tiP'ication circuits that multiply the PN codes in the second PN code register 

36 and the input agnal samples stored in the sample hold circuits SH1 to SH256 

^Ti- 3® ;i3.<='^cula«°" *ype mask register of 256 stages. Outputs from the total stages of the mask reaister 38 are 
selerton control signals for multiplexers 40, to 40^56. "1 " is stored in the first to fourth iagi in t^T^ZSste^ M 

ers MUX ^, to 40^56 selectvely output outputs of the multiplication circuits 37, to 37356 or the "0" s^naTthrough Si 

iTfn l "J "■^"^'^ '^"^^^ contrd Signal is "1 " S mu« Jte^e' 

(40, to 40256) outputs the output from the corresponding multiplication arcuit (37, to 37, J. and when "O" ^dh nSfi 

ss^°r^rto"°4orr°^^^ 

Ear J!!lir,!^^ ^""^^ '^'f "^^^ *° '"P"* *° s*^^ ^eai^^^ 32. the analog signals from the 

Z^iZTl 11^ f/^^y ^":p'«« '^eW by the sampling and holding circute SHI . and are shifted tov.ar^ 
^ Jfto f ■ '•^^.^"^""9 cto** CL is input four times, the input signal samples Si. S2. S3 and 84 are stor^ 

lll^ ■ PN-3xS3and PN-4xS4. and the muKiplicalion circuits 375 to 37255 output V beca^i 

datejn the corresponding stages of the PN code register 36. As mentioned above. "1" is stor^^n t^lSs^aiSSS 
SS^ J1%';!! '^''^L^-^ ^ ;°" "^^^ ^«9es from the fifths 

^£^n!^n^^Tl"""''''''"'^°" *° muttiplexers 4O5 to 4oL ou^ut signals 

S^STs from?hT-o'X:;^^^^ '^"«P"'««°" multipli^ion cl^i^S71 to 374 

o^^®" ^ P"'^® °* sampling clock CL is input to the sanpling and holding unit 32 a fifth inout sianal 

sampte S5 is stored ,n the sampling and holding circuit SH1 . S4 in SH2^ in SH3. 82 in SH4 ai5 llTsH5 i t^fe 
tome, the mutoplication circurt 37, calculates PN 4x85. the multiplication circuit 372 calculates PN-3xS4 J,e niltipl,^ 
ion arcurt 373 calculates PN-2xS3. the multiplication circuit 37^ calculates PN'lxsl. The calculafia^SIs e nS- 
tiphcation crcuts 375 to 37256 are "0" because the data corresjonding to these multiplication ciS a?e^- T?usTe 

input signal samples and the second PN code sequence having a period of 4 chips 

and^chS"""^ ^'"^ ^^'^ conrvnonly used by the matched fUters of 256 

!^„,.h^r^ *''®rr',f?*'^ ^ °' ^ * ^P^- PN code PN-m to PN-1 are stored in the first 

PN drri^tS^t L""^" ^ Therefore, any periods of PN code are available. The stages of L 

Trl? ^ ^ embodiment, however, whatever number of stages can be applied ^ " 

[00471 In the above embodiment, the analog shift register 32 is used, which shift the input sigraJ samples as analoa 
LTe L^^r "'°h'^^ '° '"P^ «'9nal samples into digital data aiSj sS^e^^^trtS 

1 '^'9'*^ *^ ™ltplication dreuits 34, to 34256 are digital multiplication c^^ts "me 

s:rs^r:iij2;^:?s:2r4^^^ 

I^S^.^ '''^^ ^ sampling and holdng register SHR as a sampling and holding control drcuit for the samDiina 

and hoWing unit in Fig. 1 . The sampling and holding register SHR is a dLation sW?reoister siS to Se S3S 
«S ^"^ one -1 • and 255 "O-s. The data ace shifted and drculated slmdironouj to Se SSm 

and holding tming. The data "1 " is the control signal for sanvling sampling 

S?N cSe^'SlTr '"'lifif' ^aes as the PN code register 13 is connected to 

the PN code register 13 (Rg. 1) at the corresponding stages. The input PN register INP-REG is a shift register for trans- 
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ferring the coefficient data PNi toward the last stage. When a correlation Is calculated by a PN code at a symtx>l period, 
the next PN code sequence of the next symbol period is input to the input PN register INP-REG which is transfen-ed to 
the PN code register just before the next symbol period. The PN code is quickly loaded by the preparation in the input 
PN register. It is particularly effective for successive loading of long code by one symbol period. Fig.3 shows a status 
5 just after the transfer that the same data Is stored In PN code register as the data In the Input PN register. The clock 
Input can be set Independently from the sampling clock, so a quick data input is also possible. 

[0050] Fig.5 shows a variation of the input PN register consisting of a plurality of parallel latches. The data are paral- 
lelly input to these latches, and any of the latches receives the data In response to the clock signals CK1 to CK256. The 
receiving is controlled by the data "1 " or "0" In the sampling and holding register of the sampling and holding taps. When 

10 "r , data is received, when "0", data is not received. In Fif.5, 4 data is used. When the first tap of the sampling and hold- 
ing register SHR stored "V and the other taps store "0". the input of at the first chip is input to the first tap of the INP- 
REG. At the fourth clock, the fourth tap of SHR becomes "1 " and the other taps become "0". The fourth tap input is input 
to the fourth tap of the INP-REG- The addition Is performed for four samples according to the control of the mask reg- 
ister in Fig. 1 , other data may be infinite. 

75 [0051] In Fig. 6. an input mask register INM-REG of same number of stages as the mask register 18 is connected to 
the mask register 1 8 (Fig. 1) at the corresponding stages. The input mask register INM-REG is a shift register for trans- 
ferring control signals CNTi from the first stage toward the last stage. When the addition is controlled by the mask reg- 
ister 18 at a symbol period, the next control signals of the next symbol period is input to the Input mask register INM- 
REG which is transferred to the mask register just before the next symbol period. The control signals are quickly loaded 

20 by the preparation In the input mask register. The clock Input to the Input mask register can be set independently from 
the sampling clock CL. so a quick data input is also possible. 

[0052] Flg.7 shows a variation of the Input mask register (Flg.6) consisting of a plurality of parallel latches. The control 
signal input lines are parallelly connected to stages of the Input mask register, each latch tap receives the data In 
response to the control signal of the sampling and holding register SHR. When the addition Is controlled by the mask 
25 register 1 8 at a symbol period, the next control signals of the next symbol period Is input to the input mask register INM- 
REG which is transferred to the mask register just before the next symbol period. The control signals are quickly loaded 
at any timing by the preparation in the input mask register. Rg.6 shows a status just after the transfer of the control sig- 
nal that the same data is stored in the mask register as the data In the Input mask register. 

[0053] Fig.8 shows a third embodiment of the matched filter circuit in which one adder 1 5 Is commonly used for proc- 
30 esses by a plurality of PN code registers 13 and 16. differently from the circuit in Fig. 1 . The outputs from multiplication 
circuits 14i to 14256 and the outputs from multiplication circuits 17^ to 17256 are input to a multiplexer MUX7 which 
selectively outputs the outputs from the multiplication circuits 14^ to 14256 or 17^ to 17256 to an adder 15. Therefore, 
one adder can be commonly used for a plurality of nrujitiplicatlon results and the circuit size becomes small. The more 
the number of multiplication circuits selected, the smaller the circuit size t)ecomes with respect to the total function. 
35 However, the number of selectable multiplication circuits are limited for outputting the total multiplication results within 
one tip time because the matched filter output must be obtained at the same timing. 

[0054] An output of the adder 15 Is Input to a selector SEL7 outputs of which are connected to analog registers 
REG71 and REG72 corresponding to the groups of multiplication circuits 14^ to 14256 ^"d 17^ to 17256- "T*^® selector 
1 7 inputs the outputs from the multiplication circuits 14^ to 14256 to the register REG71 , and inputs the outputs from the 
40 multiplication circuits 1 7^ to 1 7256 to the register REG72. The multiplication results are held and are available at rather 
redundant timing as matched filter outputs MF71out and MF72out. 

[0055] In the above embodiments, the PN code sequences have different code lengths, however, the nnatched filter 
bank according to the present invention is applicable to different PN code sequences of the same length. 
[0056] Any other calculation of a plurality of correlation results, than the despreading for DS-CDMA communication 
45 system, can be performed by the matched fitter bank above. 

[0057] The matched filter tsank above is a real number type, however, it is readily applicable to complex number type. 
[0058] Next, an embodiment of an inverting amplifier circuit used in the multiplication circuits of the matched filter bank 
above is described with reference to Fig.9. 

[0059] In Fig.9, the inverting amplifier circuit Is variable in its gain, that includes input capacitances CI1 and CI2 for 
50 receiving Input voltages VII and VI2. respectively Outputs of the capacitances CI1 and CI2 are commonly connected 
to an input of an amplifier AMR The amplifier AMP Is an inverting amplifier consisting of an operational amplifier con- 
nected at an inverting input with the capacitances CI1 and CI2. of a serial circuit of odd number of CMOS inverters or 
of any other circuits of inverting amplifier. A plurality feedback capdtances Cf 1 to CfS are connected between input and 
output of the amplifier AMP. outputs of which are commonly connected to a refresh switch MUXRO. Inputs of the feed- 
55 back caapcitances Cf 1 to CfS are connected to feedback multiplexers MUX1 to MUX6. respectively, for connecting the 
feedback capacitances Cfl to CfS to the input of the amplifier AMP or a reference voltage Vref. An anrplifier refresh 
switch SWR is connected between the input and the output of the amplifier AMP for short-circuiting the input and output 
of the amplifier AMP. A refresh switch MUXR1 is connected to the inputs of the input capacitances Oil and C12 for 



EP 0 936 748 A2 



selecting the input voltages VII and VI2 or the reference voltage Vref. Vref is selected when refreshing. The muHiplex- 
ers MUX1 to MUX6 are switched in response to control signals Si to S6 for controlling the validity of the feedback 
capaatances Cf 1 to Cf6. The inputs of the feedback capacitances Cf 1 to Cf6 are disconnected from the floating node 
of the amplifier and connected to the reference voltage Vref. when invalidated. The invalid feedback capacitances have 
no influence to the input (floating node) of the amplifier AMP. 

[0060J The refresh switch MUXRO is connected to the reference voltage Vref and the refresh switch is closed when 
refreshing. The refresh switch MUXRI connects the reference voltage to the capacitances CM and CI2 An output per- 
formance of this en4)odiment is obtained, similarly to the formula (1). as in the formula (3). 

_ - P71 > C/l - P72 . C/2 + « (C/1 + C/2 + CVf) 
CV/ + - (C/1 + C/2 + CVf) 



[0061] As will be understood from the formula (49. the composite capacity Clf of the invalid feedback capacitances 
disappears and the output accuracy is much improved. This is caused by disconnection of the invalid capacitances from 
the floating node. The invalid feedback capacitances are kept connected virith the output of the amplifier AMP differently 
from the conventional ampWier. As shown in Fig. 13. a practical amplifier is deemed as a circuit consisting of an ideal 
amplifier I AMP and a resistance Ro as an output impedance connected to an output of lAMR When a load capacitance 
IS CL. a relationship between the input VAI and the output VAOI1 is as in the formula (4). 

Go + s*CL + s^CVf 

o 

In the formula (4). "s" is the operator of Laplace-Transformation. As for Fig.9. a sbnilar formula is obtained when the 
input and output are VAI' and VA02, r^pectively. 

Go + s»CL + s»Cf + s»CI/ 



A formula (6) is obtained from the formula (4) and (5). 



1- 



VAOl 



VOl 



1- 



VA02 



VOl 



« VO\ VOl , 



VO VO 



(6) 



Therefore, the circuH in Fig.9 has less errors than the conventional circuit. Since the refresh switohes provided in the 
conventional circuit (Hg. 12) are unnecessary, the circuit size becomes small. 

[0062] When the gain of the circuit in Rg.9 is expressed by a finite gain-bandwidth ( GB) product, a settling time of 
the circuit is as in the formula (7). 



The formulae (2) and (3) are substituted by ttie formula (7), and the formulae (8) and {9) are obtained. 
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vo\ = 



CIl 
CVf 



CVf 



REF 



(cii+cn + cvf) 

CVf 



1 + 5- 



cn + cii+cvf -^cif 

CVf»GB 



(8) 



.yj,.£l.VJ2.^.V^A^^l^^^^ 
vol ^ ^ (9) 

, cn+ci2+cvf 

l + s» 

CVf*GB 

IS 

The settling time x of indidal response is expressed by a rise time v an output voltage delay and a slew rate SR, as in 
the formula (10). 



25 Here, is a delay time due to SR. When a phase compensation capacity is Cp and the maximum supply current is lo, 
SR is given by the formula (1 1). 

SR = — - — xlO-* [V/Msec] (11) 

^ Cp + CL 

The first term of the right side in the formula (10) is a cortstartt. A first order transfer function H(s) is as in the formula 
(12). 

35 

if (.) = -!- (12) 

40 

The rise timer Xr is approximately equal to pi in the formula (12), as shown in the formula (13). 

T, » pi (13) 

45 Comparing the formulae (8), (9) and (10). it will be understood that the rise time can be evaluated from comparison 
of the operator •'s" in the formulae (8) and (9). 

[0063] Parameters are set as in the Table 1 and the settling time is calculated. 



Table 1 



Parameters 


Anrplifier No. 


GB 


lo 


Clf 


CVf 


Cp 


CM +CI2 


CL 


S35AMP41 


40.35 MHz 


120 mA 


1.8 pF 


0.6 pF 


0.2pF 


2.4 pF 


0.5 pF 



When delay times 1^1. i^z ^ rise times t^^. are assumed, the Ibrmulae (14) to (18) are obtained. 
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AVo\ Cp + CL 0.7x10-" r , 

= -— - = -^^- = r = 5.83 [nsec] (14) 

57? lo 120x10"* 



— = r = 20.83 [nsec] (15) 

SR lo 120x10-* 

CI\ + Cl2 + CVf +CIf 4.8 ,«on. r -, , . 

= ^1, ^ = T- = 198.26 [nsec] (16) 

CVf»GB 0.6x40.35x10' 

cn+ci2+cy/ 3 r T / V 

The settling times 1^, are obtained as in the formulae (18) and (19). 

■^1 = ttfi + = 5.83 + 198.26 = 204.09 [nsec] (18) 
"^2 = "^^2 + r2 = 20.83 + 123.92 = 144.75 [nsec] (19) 

The settling time becomes shorter relative to the conventionat settling time ti. as the composite capacity of the 
invalid capacitances increases. This is expressed by the formula (20). 

Clf T=»At = -c^ '"'^2^ (20) 

[0064] Fig.l 1 is a graph showing a transient response of the embodiment and the conventional circuit. Output volt- 
ages of the embodiment are shown by a solid fine (Vo2) and a broken line (Vol), output voltages of the conventional 
arcuit are shown by a short broken line {Vo4) and a dotted line (Vo3). The output voltages Vol and Vo3 correspond to 
the composite capacity of the input capacitances of four unit capacitances and to the composite valid feedback capacity 
of four unit capacitances. The output voltages Vo2 and Vo4 correspond to the composite capacity of the input capaci- 
tances of eight unit capacitances and to the composite valid feedback capacity of eight unit capacitances. A one dot 
broken line (VI) is an input voltage and REF is a refresh period. The ir^ut voltage is nraximum voltage, and the refresh 
period t>elong to a period of the maximum voltage. The settling times of Vol and Vo2 are shorter ttian those of Vo3 and 
Vo4, respectively. 

[00651 Fig. 1 0 is a scaler circuit based on the circuit in Fig.9. The scaler circuit has input capacitances which are var- 
iable in the valid composite capacity so that a wide range gain change is possible. The same references are given to 
the similar components in Rg. 10 to those in Fig.9. 

[0066] In Fig.lO. a plurality of input capacitances CI1 to CIS are commonly connected to an input voltage VI through 
a refresh switch MUXRI. The refresh switch MUXR1 connects the Inpitts of the input capacitances CI1 to CIS to the ref- 
erence voltage Vref when refreshing, othenvise to ttie input voltage VI. Outputs of the input capacitances are connected 
to multiplexers MUX11 to MUX16. respectively, these multiplexers MUX11 to MUX16 are connected to an input of the 
amplifier AMP or the reference voltage Vref. 

[0067] The multiplexers MUX1 1 to MUX16 are switched in response to control signals Si 1 to SIS for controlling the 
validity of the input capacitances 011 to CIS. The outputs of the input capacitances CM to CI6 are disconnected from 
the floating node of ttie amplifier and connected to the reference voltage Vref. when invalidated. The invalid feedback 
capacitances have no influence to the input (floating node) of the amplifier AMR Similarly to the circuit in Fig.9. a plu- 
rality of feedback capacitances Cfl 1 to Of16 are connected between input and output of the amplifier AMP. outputs of 
which are commonly connected to a refresh switch MUXRO. Inputs of the feedback capdtances ai to Cf6 are con- 
nected to feedback multiplexers MUX21 to MUX26. respectively, for connecting the feedback capacitances Cfl to Cf6 
to the input of the anplif ier AMP or a reference voltage Vref. An amplifier refresh switch SWR is connected between the 
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input and the output of the amplifier AMP for short-circuiting the input and output of the amplifier AMR A refresh switch 
MUXR1 is connected to the inputs of the input capacitances CM and CI2 for selecting the input voltages VII and VI2 or 
the reference voltage Vref. Vref is selected when refreshing. The multiplexers MUX21 to MUX26 are switched in 
response to control signals S21 to S26 for controlling the validity of the feedback capacitances C11 to Cf6. The inputs 
of the feedback capacitances Cf 1 to Cf6 are disconnected from the floating node of the amplifier and connected to the 
reference voltage Vref, when invalidated. The invalid feedback capacitances have no influence to the input {floating 
node) of the amplifier AMR When a composite capacity of input valid capacitances is CVI and a composite capacity of 
input invalid capacitances is CM. an output voltage VO of the scaler circuit is given by the formula (21). 

rg - " ^ ' ^ ' ^ ^^^^ (21) 

CVf -h^iCVI -^CVf) 
A 



The scaler circuit above is accurate and of high speed similarly to the circuit in Fig. 9. 

[0068] The amplifier AMP is an inverting amplifier consisting of an operational amplifier connected at an inverting 
input with the capacitances, of a serial circuit of odd number of CMOS inverters or of any other circuits of inverting 
amplifier. 

[0069] In addition to the above embodiments, a circuit which is variable only in the composite input capacitance, and 
feedback capacitance is fixed. 

[0070] The inverting amplifier of variable gain can be used not only for the matched filters above but also any other 
circuits using an inverting amplifier. 

Claims 

1 . A matched filter bank comprising : 

a sampling and holding unit for sampling and holding successive input signals of a number of "m" (m: integer 
not less than 2); 

a plurality of PN code registers of a number of "n" (n: integer not less than 2), each said PN code register 
including a plurality of stages of number of *'m" for storing coefficient data, each said PN code register being a 
shift register with circulation; 

a plurality of groups of multiplication circuits of said number of "n" corresponding to said PN code registers, 
each said group including a plurality of multiplication circuits of said number of "m" corresponding to said 
stages of each said PN code register, each said multiplication circuit nrultiplying an output of one of said sam- 
pling and holding circuit and an output of one of said PN code register; and 

one or more adders for adding selectively outputs of said multiplication circuits of a number corresponding to 
a length of said coefficient data. 

2. A nratched filter bank as claimed In Claim 1 . further comprising: 

a mask register of "m** stages which stores control signals for selecting said outputs of said multiplication cir- 
cuits corresponding to said length of sakl coefficient data; and 

a plurality of multiplexers of said number of "m" corresponding to said multiplication circuits of said number of 
•^m". each said multiplexer selectively outputting said output of said corresponding multiplication circuit or "0", 
whereby said outputs from said multiplication circuits are selectively added corresporKling to said length of said 
coefficient data. 

3. A matched filter bank as claimed in Claim 1 . said sampling and holding unit comprising a plurality of sampling and 
holding circuits of said number of "m**. 

4. A matched filter bank as claimed in Claim 1 . wherein said sampling and holding unit is a sampling shift register of 
a plurality of stages of said number of "m**. 

5. A matched filter bank as claimed in Claim 1 . further conpristng: 

a mask register of "m" stages which stores control signals for selecting said outputs of said multiplication cir- 
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6. 



10 7. 



SO 10. 
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cuits corresponding to said length of said coefficient data; and 

a multiplexer which selectively outputs one or more of said outputs among said "m" number of multiplication 
outputs to said adder according to said conto-ol signals in said mask register. 

A matched filter bank as daimed in Oaim 1. further comprising an input PN code register corresponding to one or 
more of said PN code registers, each of which stores said coefficient data to be stored in said PN code registers in 
a nert symbol period^ and transfers said coefficient data parallelly to said corresponding PN code registers just 
before said next symbol period. 

A matched filter bank as claimed in Claim 1 . further comprising an input mask register corresponding to said mask 
register, which stores said control signals to be stored in said mask register in a next symbol period, and ttansfeis 
said control signals parallelly to said mask register just before said next symbol period. 

8. A matched fitter bank as daimed in Claim 6. said input PN register comprising a plurality stages parallel latohed of 
to saiu numoer of m . 

9. A matched fitter bank as daimed in Claim 7. said input mask register comprising a plurality stages parallel iatdied 
OT said number of m". 

A matched fiHer bank as claimed in Claim 1. further comprising a sampling and hokJing control drcuit which con- 
trols said sampling and hoWing unit. 

1 1 . A matched filter bank as claimed in Claims 6 and 1 0. wherein said sampling and hoMing control drcuit controls said 
input PN code roister so that said coeffident data is input to said input PN code register synchronously to a timing 
when said samphng and holding unit samples and holds said input signal. 

12. A matchedfilter bank as claimed in Claims 7 and 1 0. wherein said sampling and holding control drcuit controls said 
input mask register so that said conb-ol signals are input to said input mask register synchronously to a timing when 
said sanpling and holding unit samples and holds said input signal. 

13. A matdhed filter bank as daimed in Claim 1 . wherein a number of said adders is said number "n" corresponding to 
said n number of said groups of said muttiplication drcuits. and each said adder adds said outputs of said corre- 
sponding multiplication drcuit of a number corresponding a length of sakl coeffident data from "m" number of said 
outputs of said corresponding multiplication drcuit. 

14. A matched filter bank as claimed in Claim 1. wherein a number of said adders is one. which is connected to said 
trtal groups of multiplication drcuits through a multiplexer which selectively connects one of said groups to said 
adder in a time sharing manner. ^ 

t^^'r^JHZ^^-^''^"^ comprising a a plurality of registers corresponding to said 

ttShT ^ **" ^ ^ ^ connecting said output of said adder to one of said registers selec- 

16. A matched filter bank as daimed in Claim 1 , each sakl multiplication drcuit conprising: 

one or more of input capacitances having inputs and outputs which are connected at their input to an input volt- 

an inverting amplifier having input and output which is connected at its input to said outputs of said input caoa- 

sitances; ^ ^-^-i-^ 

50 on^or more of feedback capacitances having inputs and outputs whfch are connected at their outouts to said 

output of said inverting amplifier; and 

one or nwre of switehed for connecting said outputs of one or more of said input capadtances. or sakf inputs 
of one or more of said feedbadc capadtances to said input of said inverting amplifier or to a reference voltage. 

55 17. A matched filter bank as daimed in Claim 16. wherein a plurality of said input capacitances are provided and said 
*f ^ t " I?' °' switdies corresponding to said input capacitances, each said input switcti connect- 
ing said output of said corresponding input capadtance to said input of said inverting anplif ier or to a reference volt- 
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18. A matched filter bank as claimed In Claim 16, wherein a plurality of said feedback capacitances are provided, and 
said switches are a plurality of feedback switches corresponding to said feedback capacitances, each said feed- 
back switch connecting said input of said corresponding feedback capacitance to said input of said inverting ampli- 
fier or to a reference voltage. 
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Fig. 10 
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